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THERMOSPHERE DYNAMICS WORKSHOP 11
Preface

The second Goddard workshop on thermosphere dynamics was held at the Ramada Inn in near-
by Calverton, Maryland during October 3-5, 1984. Much of the discussion at the workshop involv-
ed the measurements from the Dynamics Explorer spacecraft (DE-1 and DE-2) and ground based
measurements at radar facilities and optical observatories. Theoretical models were presented
which amply attest to our maturing understanding of the processes that govern the structure and
dynamics of the Earth’s thermosphere. The phenomenology ranged from auroral meteorology to
equatorial tides and gravity waves. Some of the discussion was devoted to the thermosphere of
Venus. The papers, abstracts, and extended abstracts included in this volume are in alphabetical
order by author and cover most of the material that was presented.

We express our thanks to the individuals who chaired the sessions and to the speakers of the in-
vited and contributed papers for the high quality of their presentations. Our special gratitude is
due to Dianna Gemma from Birch and Davis and Aleta Johnson (GSFC, Code 610) for coor-
dinating the meeting.

Organizing Committee:

H. G. Mayr, Chairman (GSFC)

F. A. Herrero, Co-Chairman (GSFC)
N. J. Miller (GSFC)

N. W. Spencer (GSFC)

H. C. Carlson (AFGL)

J. M. Forbes (Boston University)

W. B. Hanson (University of Texas)
T. L. Killeen (University of Michigan)
R. G. Roble (NCAR)

J. T. Lynch (NASA Headquarters)

R. L. Waltersheid (Aerospace Corporation)




NOTICE TO WORKSHOP PARTICIPANTS

The following page numbers contain black and white figures that are reproduced in color
among the Addendum Figures: 287-290, 317-322, 332-339, 350-351, 356-360, 437-438.
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APPLICATIONS OF A VENUS THERMOSPHERIC CIRCULATION MODEL

S. W. Bougher, R. E. Dickinson, E. C. Ridley, and R. GG. Roble
National Center for Atmospheric Research

Bouldcr, CO 80307

A variety of Pioneer Venus observations suggest a global scalc, day-to-night Venus ther-
mospheric circulation. The two-dimcnsional hydrodynamic model of Dickinson and Ridley (1977)
correctly predicted the gross characteristics of this largely symmetric circulation. However, it failed
to calculate the obscrved cold nightside temperatures, and the exact phases and densitics of the
neutral constituents. This paper prescnts model studics of the dynamics and energetics of the
Venus thermosphere, in order to address new driving, mixing and cooling mechanisms for an im-
proved model simulation.

The adoptcd approach has bcen to re-examine the circulation by first using the previous two-
dimcnsional code to quantify those physical processes which can be inferred from thc Pioneer
Venus observations. Specifically, thc model was used to perform sensitivity studies to detcrmine
the degrec to which eddy cooling, eddy or wave drag, eddy diffusion and 15 um radiational cool-
ing are necessary to bring the model temperature and composition fields into agreement with
observations. Three EUV heating cases were isolated for study.

Global temperature and composition fields in good agreement with Pioneer data were obtained.
Large scalc horizontal winds =220 m/s were found to be consistent with the observed cold
nightside temperatures and dayside bulges of O, CO and CO,. Fine tuning required that an eddy
coefficient <20% of previous one-dimensional models be used for nightside diffusion (K =7.5x10°
c¢m?/s). Very little eddy diffusion was required for the dayside (K <4x10° cm?2/s). Observed dayside
temperatures were obtained by using a 7-19% EUYV heating efficiency profile. The enhanced 15 um
cooling needed for thermal balance is obtained using the best rate coefficient (K¢, = Sx10°13
cm3/s) available for atomic O collisional excitation of CO4(0, 1, 0). Eddy conduction was not
found to be a viable cooling mechanism due to the weakened global circulation. The strong 15 um
damping and low EUV efficicncy imply a very weak dependence of the general circulation to solar
cycle variability. Finally, the NCAR terrestrial thermospheric general circulation model (TGCM)
was adapted for Venus inputs using the above two-dimensional model parameters, to give a three-
dimensional benchmark for future Venus modelling work.
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Model and Empirical Data Set Comparisons at 150 km

Averages Over Dayside (LT = 12-16 hr)

Hedin et al. (1983) Keating et al. (1984) 2-D Model
H H/ 2D K K/ 2D H/K 6/84
N 1.39(10) 1.01 1.36(10) 0.99 1.02 1.38(10)
o 4.70(9) 1.74 3.56(9) I.3¢ 1.32 2.70(9)
"o 2.32(9) 1.05 1.80(9) 0.82 1.29  2.20(9)
"co, 5.82(9) o) 77 7.13(9) 0.95 0.8% 7.52(9)
", 1.01(9) L. 1 1.04(9) 1.15 0.97 9.06(8)
P 6.39(6) 1.73 4.57(6) L 24 1.40  3.70(6)
T 7.3 0.97 252.5 0.90 1.07 280
Averages Over Nightside (LT = 19-24 hr)
N 1.43(9) Ll 1.39(9) lad2 1.03  1.24(9)
U 1.12(9) 1.14 1.03(9) 1.05 1.09 9.80(8)
fes 1.10(8) 1.26 1.09(8) L. 2% LG & 78CH
"o, 9.70(7) 0.89 9.90(7) 0.91 0.98 1.09(8)
", 7.63(7) 107 9.74(7) 1.50 0.78 6.51(7)
L 1.49(7) 0.14 30 0CT) 0.29 0.48 1.08(8)
T 119.3 0.98 129.8 1.06 0.92 122.1

Figure 12. Model and empirical data set comparisons at 150 km.
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Figure 13. Best EUV case contour plots (SZA vs Z):
(a) Total temperature in deg K.
(b) Horizontal velocity in cm/sec.
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Figure 13 (continued)
(c) Vertical velocity in cm/sec.
(d) Fractional number density for O.

15




TOTAL TEMPERATURE IN Dy, i

(a)

. \ C\__‘_\ LJ
siolo g ige B0
0.0 90.¢56. 120.0 150.0 180.0

HORTZONTAL VELOCTITY TN THASEC

7.0

6.0

5.0

4.0

3.0

2.0

(b) 0.0

-1.0

-2.0

-3.0 !
-4.0 ‘
-5.0
-6.0
-7.0 '
-8.0 [

-9.0

-10.0

" L i "
0.0 -30.030.0 60.0 90.0 120.0 150.0 180.0

Figure 14. Solar minimum case contour plots (SZA vs Z):
(a) Total temperature in deg K.
(b) Horizontal velocity in cm/sec.
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DYNAMICS OF THE NIGHTTIME THERMOSPHERE AT ARECIBO

R. G. Burnside and J. C. G. Walker
Space Physics Research Laboratory
Department of Atmospheric and Oceanic Science
University of Michigan
Ann Arbor, Michigan 48109

C. A. Tepley
Arecibo Observatory
P.O. Box 995
Arecibo, Puerto Rico 00613

Incoherent scatter radar observations of the nighttime F layer at Arecibo, Puerto Rico, are used
to determine the QO+ diffusion velocity at different altitudes. Further analysis allows evaluation of
the neutral wind and the ion-drag force in the direction of the magnetic meridian. The local ac-
celeration of the meridional neutral wind is also determined. The possibility of evaluating the
viscous force using incoherent scatter radar data has also been investigated. Preliminary results in-
dicate that, at certain times and at altitudes above about 350 km, viscous drag may be a signifi-
cant term in the neutral equation of motion. Combining these results allows height profiles of the
meridional pressure gradient to be deduced. The pressure gradient thus derived is compared with
that determined from measurements of the horizontal temperature gradient and that given by the
MSIS model atmosphere.
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Geophysical parameters that may be measured or
derived from incoherent scatter (radar) or

optical (FPI) observations at Arecibo

vertical horizontal

parameter symbol wvariation variation
electron density N radar radar
ion temperature T radar radar
electron temperature Te radar radar
neutral temperature Tn MSIS FPI
meridional ion velocity Ve radar radart
zonal ion velocity o radar =
meridional neutral velocity u, radart FP1
zonal neutral velocity Uy = FP1

t The diffusion velocity, which may be derived from the
observed slope of the electron density profile and the
MSIS model atmosphere, is also required to evaluate

these parameters.

20.62 RST M = 3935 KM
veloclty (m s°)

=200 =100 0 100
450 T T T ] T T T
| (a) x d -
400 | 2 o 53
x d ——
o x q| ——
350 |- x 3 —+
_ e S
300 | x vd 2 @ o6
g Vn xR =+
= -+ Ux x b -~
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4 x CH a
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350 - x d. a '
o Fl?x 3 : .
-0 FvilsC +
300 1 Fx Qi e
- a MSIS x r? t oA
250 1 1 1 1 |~ i
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Figure 1. (a) Parallel ion velocity (v,,), diffusion velocity
(v4), and inferred southward neutral wind (u,) on 17-18

August 1982. (b) Derived ion and viscous drag

accelerations, and the net southward pressure gradient.
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Arecibo.

25




a1aydsounje japow £8-SISIA
*J ‘Seap snodsia
*n -yead 1ofe] g Jo Sy = Yy ¢ pue p sainsig

Aq paroipaid juaipeid ainssaid = " -jusipeid ainssaid premyinos jau paudjur =
‘3elp uol paudjul = P "AI00[2A puIm [BIINSU plemylnos =

‘1'Sy ‘1's’y
- stsey (1 sTse4 (T ]
5 [ — T ] --.. —r T T T ]
2 o 8, o S0y
~ gy S Tm SRR e SRS e 25 ) ISREn] T U w .................. -
3 [ .ﬁ... o TR ! 22 .+.+. ]
=4 . > L .
g | by N o+o|no+om L Sy too:onoo‘ * 4
Sl - 10 : i % il 5
¥ LERUIRE) x4 (6} ] v_t.. E I FR Rl x4 (6) 1
i " . 2 I L 1 1 L A i A L i i X " i i L W" 1 " i 3 1 1 " " I " i L A A I i I i L
L 41t 1 0i- - i1t g
L 5- ” ¢ etray “” t.o++no-+ H
Uadt ° ° %
- - %e&} o 30+mv A 000.“0 000 ¢ + 4
0 Lamo X ) . Post
.
i L ¢ P4 N T P14 (3) 7
I e S G [ S e Taaw pm R S S S T PR e T 00¢- T 7T 7TT VR ) s e e o e G e
1 00i- 3 L 4t J
] Y #
8 4 £ 5
P— i B | 5. [—_—
* ‘ s | %f* s :. X*ir— | 3
{0 £ gt + + ;* #e*
fioe - Woell T
R T il R cgelt o MY Wy 0 G
—— e A S
1 00E £ ” H
1 0r€ M ﬁ 4
1 08€ = + 1
wy (e 1 - Wl %y (e) ]
E 0ze P T e U Sy (AR AR n I, e R U S N T

4330130 DI-6

£86i €861 4300130 B-( 2661 1snbny BI-L1

wy (GE 1€ 533J0) [euolplaay 0qtduy

i0GE it $3340) TewaTpliay

286l 1snbny (1-91

oqr3asy

251A

00z~

001~

00i

00Z
00€

ore

08€E

oy

03y

(Z-$ w3) voTIeUaTadIe

(5/%) A173073s

[LETRRTILIET

26



13-14 June 1983 16-17 June 1883

L T T LI J T T \J T T T ¥ T T

L (3) 300-350 km 4 |- (b) 300-350 ka 4

L1 I, | Y TS

;; =0.3 : + + + + + + + + +: : + % % + + + :
N LT | ST

BELTE (AN AU

_0 S ] L 1 1 1 1 TR | 1 1 1 Il 1 1 1 1 1 Il 1 1 L
.

20 22 00 02 04 06 20 22 00 02 04 06
A.S.T.

Figure 6. Observed meridional gradients in ion temperature from incoherent
scatter measurements at Arecibo.
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MEDIUM AND LARGE-SCALE VARIATIONS OF DYNAMO-INDUCED ELECTRIC
FIELDS FROM AE ION DRIFT MEASUREMENTS

W. R. Coley and J. P. McClure
Center for Space Sciences, Physics Program
The University of Texas at Dallas
Richardson, Texas 75083

Current models of the low latitude electric field are largely based on data from incoherent scat-
ter radars. We are extending these observations through the addition of the rather extensivc high
quality electric field measurements from the Ion Drift Meter (IDM) aboard the Atmosphere Ex-
plorer (AE) spacecraft. We present here some preliminary results obtained from the Unified
Abstract files of satellite AE-E. This satellite was active from the end of 1975 through June 1981
in various elliptical and circular orbits having an inclination near 20°. The resulting data can be ex-
amined for the variation of ion drift with latitude, longitude, season, solar cycle, altitude, and
magnetic activity. The results presented here will deal primarily with latitudinal variations of the
drift features.

Figure 1 shows data from a single AE-E orbit. Of particular intcrest is the upward ion drift
enhancement at 2:38 UT. This corresponds to 18:30 solar local time (SLT). This enhancement of
the upward drift after sunset prior to reversal is a classic pattern that is often seen both by
ground-based radar and satellite. Howcver, on many occasions this prercversal cnhancement
(PRE) is absent. In order to investigate the reasons for these and other variations of the observed
drift featurcs it is of course necessary to deal with large quantities of data.

Figures 2a and 2b show the type of data presentation used in this study. Figure 2a is a ‘‘mass
plot’’ of vertical drift data from AE-E obtained from the 15-second average values of the Unified
Abstract files. All vertical drifts in the file between —20° and 20° dip latitude (DLAT) for the
August-September 1978 time period are plotted versus SLT. In all there are some 6987 points.
Figure 2b shows the same data averaged into 30-minute bins. The dotted line represents the 24-hr
averagc vertical drift. For comparison, Figure 3 shows some incoherent scatter radar rcsults from
Jicamarca for the July-August 1968-1971 time period (Fejer et al., 1979). In both cases we see the
same gencral fcatures: downward flow at night reversing at 0600 SLT, a daytime peak followed by
a decline to a prereversal cnhancement betwecn 19 and 20 SLT, and a reversal to downward flow
at night.

Figures 4a and 4b cover May-July 1979 from — 20° to 20° DLAT. The satellite was in a ncar-
circular orbit during this period within altitudes of 450-475 km. There are some 17,000 points plot-
ted on Figure 4a, most falling in a band some 75 m/s wide. The exception is the large spread in
velocity in the post-sunset time period.

The next four figures take the data set of Figure 4 and break it up into 10 degree wide bins of
dip latitude. Figures S through 8 cover the ranges 10° to 20° DLAT, 0° to 10° DLAT, —10° to
0° DLAT, and —20°to 10° DLAT, respectively. Thc raw data plots indicate generally a much
smaller spread in the vertical ion velocity at any given local time. The averaged plots indicate a
systematic variation of the average velocity with latitude. The largest average upward velocity is
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found in the most northerly latitude bin (summer hemisphere). The most southerly bin (winter
hemisphere) has a net downward velocity. Other features also show latitude dependence; the even-
ing prereversal enhancement is strong in the summer hemisphere and weak or nonexistent in the
winter hemisphere.

Figures 9 and 10 show a similar pattern for the Nov 77 - Jan 78 time period. Figure 9 shows the
10° to 20° DLAT bin (winter hemisphere). Figure 10 shows the —20° to —10° DLAT bin (sum-
mer hemisphere). As before there is a generally upward bias of the drift in the summer
hemisphere and a downward bias in the winter hemisphere.

One possible interpretation of this pattern is that the dynamo induced ion velocities are being
modified by neutral wind flow, the meridional component of which flows generally from the sum-
mer to winter hemisphere under solstice conditions. Dachev and Walker, 1982, calculated the ver-
tical ion drift velocity imposed by dynamo electric fields and the zonal and meridional winds in
the 19-22 SLT range (Figure 11). These calculated patterns give good qualitative agreement with
the data presented. This model also predicts longitudinal variations in the ion drift. This has not
yet been tested for in the AE-E data set. Such tests should provide a useful check on this propos-
ed mechanism. The preliminary results presented here indicate that IDM data from the AE and
the more recent Dynamics Explorer B spacecraft should continue to disclose some interesting and
previously unobserved dynamical features of the low-latitude F-region.

REFERENCES
Fejer, B. G., D. T. Farley, and C. A. Gonzales, F Region east-west drifts at Jicamarca,
J. Geophys. Res., 86, 215, 1981

Dachev, T. P. and J. C. G. Walker, Seasonal dependence of the distribution of large-scale
plasma depletions in the low-latitude F-region, J. Geophys. Res., 87, 7625, 1982

30



‘elep passadord A[punnol Ino
Jo ajdurexa siy) ur 3[qIsia KB SI “A JO [BSIaAd1 pue jJudWAdUERYUS Jasuns-1sod Y 8.1 [11dV ZZ UO 10303s IpMIZUO] dNUENY
ay) ul spminje wy [¢ 1. sapninep dip moj 18 “A pue N Jo IOIABYSq 1a5Uns 3y} SuImoys 90yl 11qio J-gVv woij ereq [ aIndi

@ ‘s §5'z @Sz Gr'zZ @Y’z  G£'Z  @EZ  (NIWUHH)LN

[ i
1 < .
/})\?/ %
: N s
3 . —~— 3
A S
: :
W S S —— T Y TP P S P et :.:Wm@wu
,.W li\\/\/\r/\n/\\//\;?)\ u'm@mn
AN A =
AaRl
£
i Tj# Rt G I e | IREE0 GRAC RhES [AaR e SonINas Bas Basd thatad 3 MGWN'
\\}\IIL\ /))\,)\f\)({{{/ N Z\\(S}\({ .,.)\.?3{?((?/\/\/7\ -m.,ea_\

L
S

-—-0——1»— o—-ﬁ—t--—' — H90~+’~1-

e e e e e et e T et B e e e B e e e e e BT e B
goneT & =118d0 2118L=AY0

IONO3
NOI
9201

S/W
1414@
Ld3A

Ssu
141¥0
55040

31




RUN NUMDER

ILAT RANGE
DLAT RANGE
VEL RANGE -12§
MINIAUA NI

78313 - 78873

AE-E

INPUT ® FQR AVERAGE PLOT

INPUT 1 FOR NEU TAPE

INPUT 2 FOR REPLOT
YITH FLYER REJECTION!?

END OF TAPE REACHED

xx
%
i—' L L
x
L ux
x I
X
o
1 "
— ™ L
X
2 x
T x
b in
k... & b
B

l‘il

Y -ir'.“"

ll

3
= 3:‘ o ) "
— ll !‘11‘: '\ﬁ&ﬂ
x e =
e ] LI I
x x -f
ims. & W A0 ﬂfihk &
] x 2 -
b x ] L] . f
—
u
r— x
x L]
55 X Ry X %
- " '. = L 3 )
II. ‘
e, ™ 5, % :
o l[
wnH (o) wn (o) wn
o >  d (V)] a
- -
- o=
T b+ -
D oth
o
x™TaE
w w-
> 2

.,kl‘ = x

t

I

[ .l

=1eS

n)

i 14 16 18 20

10
SOLAR LOCAL TIME

V.R. COLEY

UTD SPACE SCIENCES

Figure 2a. Aug - Sept 1978

-20°to 20° DLAT



1v1d .0z 01,02— 8.6l 1da3S - 3ny  -qz 2ungig
$303108 3owes @win 3WIL Y301 dY10S
¥2 22 02 81 97 ¥T <21 o1 8 9 14
rrrrrrrerrerrr et et Pt

_

I

set-
001~
Q-

oS-

sc-
(S/7W)
0 ALIJOT3N
NOI
TUI1Ld3n7
S@

0S
S

2071

€18  NICHNN NN

i<

]

-
o o o o o o
! - -x b——

it

IN WOMINIW
- JONVY 1IN
JONVY LV G
JONVY AV1]
= JONVE ONO1
0NV LV
JONVE LW

cLEsL - ClesL

S2t

SIT4SILViS NN
WO4 NINUL LIM

33



€ aIngig

L1858
¢t

N 9

I

_

...

T/6T-896T 9NV - ANr

141¥@ TWITLY3A VIUYWYIIr

Oh-

0 S/W

oh

34



ATIOO ‘¥°A
S3M3108 Iwes 4N

Lv1d .0t 91 ,0C-

JWIL Y07 dY10S
bt 21 o1 8

6L61 AIN[ - AR "ep 2INBI]

Setl-

e

001-

.~

(S/7W)
0 ALIJCT3N
NOI
TYIILd3N

*000C

‘o0t ‘00t~
‘08 ‘o8-
‘08 K.
‘081 ‘o8t~
‘08 * 08~
‘o0s c002

IN WNWINIW

21884 - 1816

1 Jd¥i AN 804 T iNaN]
1074 INUINW 804 & LNdN]
TIIVIY Id¥L 0 NI

W

35



LvI1d .0 01,07 -

6L61 AInf - AepN QP 2In31g

$IMI158 3owes Qin IWIL 19001 ¥Y10S

p2 22 @2 81 ST HT 21 o1 8 9 b
rFrrrtrrirro0rrrirer vt Pt
-

S2t1-

1

S

05-

S~

L ———30

[ % WIEUNN NN

2186, ~ 1R16L

Se

05

S

001

set

(S/W)
ALIOJCI3N
NOI
1¥01Ld3n

<$0d

T 4018 -— VIOLL

36



AT ‘¥°R
S3N3II8 Fwds AN

ve2 e

0c

81 91

1v1d .07 01,01 6L61 AInf - AN

WIL 19207 ¥YI10S
T 2t o1 8 9

"8G aInJiq

s2l~

IR

001~

I - . i — 001
0% I (A O T N N RO 0 W O ",

(S/7W)
ALIO013N
NOL
TYIILH3N

37

t 34Vl AN ¥O4 T LNdNI

40%d IONVONY ¥04 0 LNINI

AV Iovl 0 ONI



ATI) “¥°A

SNIIIS WS AN

ve

ce @2

Lv1d -0C 01,01

6L61 dunf - AN ‘qg 2In3i]

JWIL 193071 Y105
AT ¢

etr 8 g 14

R

9y

_

06~
‘008 J0NWN UV

Setl-
T T T T T T T 1T
— 00T~
lmm.l
—los-
—{S2-
(S/7W)
0 ALIJNT3AN
NCI
190ILd3N
Se
QS
— 8L
— 007
LU L L] feg
] IN MIMINIM
91~ InN 32 mmeL - e e
08w 1N1I
‘08T~ I0NV ONO1 v
. oM av1 1 0l8 — veeu

38



1v1d .01 01,0 6L61 AIn[ - A6y "B 21n31q

SIMI158 owes 41N JWIL 19201 ¥Y10S
$2 T 92 81 91T T 21 o1 8 9 b 2
sel-

—001-

(S/7W)
ALIJC13N
HOI
TY3ILd3N

: S —00T1

O 1 O O O A RN

-o00c N MONINTH
00T e01- N N

oF '8 Jowww vAg IIESL - TRIGL

6 ‘e 0088 LVT t 3dvi AN 304 T LNeNI
887  OBI- JOWWE DNO1 ES 1014 TOWA3AY 404 & ANaNI
6  ‘06- oMW iv) d3HV3M ML 20 GO
0es ‘o0l oMW 1TV

39




AT “u°A

LVId .01 01,0 6L61 AInf - AN "q9 2In3iq

JWIL Y2071 ¥Y10S

Sel-

001~

)

52

0S

Sl

001

p2 22 @2 8T 9T ¥1 21 OT 8 9 e
rrrrrrrerrrrer ittt rr
= -
P L e F g bR bl L L

set

(S7W)
ALIJ0T3N
NOI
TYI1Ld3N

<804

t OIS —



LVIA .0 01 .01 — 6L61 AInf - ARy "B/ 21081

JWIL Y007 dY10S
b1 21 o7 8 9 14

Set-

—001-

(S/7W)
ALIJ013N
NCO1
1931Ld3n

— 001

T

° 000C IN MNWININ
‘00t ‘o001~ 0N 1IN
‘0 ‘01~ IoNwVA LVUd
‘06 ‘0 IoNww VI
‘o8 ‘08T~ JONVE DNOY
‘08 ‘98- JONVE iVl
‘008 ‘008 TONE 1V

atReL - tRI6L

1 3d¥i AN MO4 T iNdNI
4074 JOVUNW W04 @ LNeNI

W
ANV JVL 40 ONI

4]



IvId .0 0,01 — 6L61 AInf - AB\ "qL 3In3ig

$I00158 3Wwes €N JWIL 19201 AY10S
2 22 ©02 8T 9T T 21T O1 8 9 b 2

S5el~
[ —eel-
L. ~—15i-

- —05-

Se-
(S/7W)
0 ALIJO0T3N
NOI
TYIILd3N
Se

- — 05
e — S
= —{o01
L P LD LL LT fanm

T PO M e IN WININ
u ¥ e ‘o0t ‘00t~ IO 1N

TI86L - TRIGL

&

.' -

‘08T  ‘08T- 0NV DNOT »w
‘08 ‘08- IOW UVl T U8 -~

42

g



1v1d .01 01 ,0C

6L61 AINf - KBy "eg 2mn3ig

JWIL Y3071 ¥Y10S
b1

cl

o1

8 9

I3

P

_

c
setl-
' TT T
00T~
SL-
0S-
Se-
(S/7W)
AR LY ALID01IN
R NOI
e 1¥0IL33N

b

05

SL

= —001

€t

UICMNN NN

IN WNWINIW

*003- IONWY 1N
*oR- IONVN LV1Q
‘e 0N AV1L
"8~ 30NN ONO1
‘068- 3I0NWE UV
‘002 IONWE LIV

21862 - 1216

1 3dvl AIN 804 T LNdNI
ko 4 101d 30WH3NY ¥04 @ LNaNI
A3HV3Y 3avi 0 ON3

43




Lv1d .01 — 01,07~ 6L61 AInf - A "qg 21n31g

$3a03108 Sowes wn IWIL 19001 ¥Y10S
b2 e2 o2 81T 91T #1 21T o1 8 9 14 e
FRETTTRIT LTI TR TR IR RO
— —001-
= s

(S/7W)
ALIDO013N
NOI
T9IILN3N
- — 52
| —0S
- —SL
- —00T7
O (T L 0 (O A S
SCT  NDOMWN NN omnm .E.. mtmm 2oL - T¥IGL
08 0 Jowwe N1
*08% 08T~ JONVY BNO1 *w
08 o8- JONWE 4V T OIS —
‘008 008 IONVE LW



186

RUN MUMBER

77308 - 78031

AE-€

INPUT @ FOR AVERAGE PLOT

END OF TAPE REACHED
INPUT 1 FOR MNEU TAPE

-t

UERTICAL
ION
VELICITY
(MsS)

ST ]
»~

s
“

&~
o’
"

a

A
.

L1 |
co

I

18

[ |
1e

l

I

19
SOLAR LOCAL TIME

| |

l

| |

16

14

Y.R. CoLEY

UTD SPACE SCIENCES

Figure 9a. Nov 1977 - Jan 1978
10° to 20° DLAT



AJI00 ‘u'f

SINMIINE OVds aAUN

tc

ce e@c¢

81

91

1V1d .0T 01,01 8L6I Uef - /6] AON "q6 2in31]

3WIL Y201 aYI0S

A

ct

ot 8

.-

-

3

*000C

‘001 ‘001~
‘08 ‘et
‘08 ‘0
‘o8t ‘o8t~
‘08 ‘o8-

IN WOWINIW
N 13N
0N AVIG
AONVYE LV
JONW ONOT
NV UV
INvE LY

1Ee8L - MOELL
3-3v

sel-
001~
Sk~
05—
(S7W)
ALIJCT3N
NOI
19211430
0S5
5S4
001
Sl
<sdd
1 40l -- Wil

46



F<1HQ uoﬁl 01 oONI
8L61 Uef - L/6] AON "0l 21nJ1]

ATI09 “¥°A

JWIL TYO071 dU10S

.8..“..m38cm“-mgom 8t 97T 1 27 O©T7 8 9 e
LN
= . & . e (001

9L~
oS-
§ se-
0
= SC
0S5
S
. - L —o0oT
I I I

(S/7W)
ALION3N
NOQI
1801IL¥3N

t 3494 AIN ¥04 ) LNdNI

407d IVWNONY 404 ¢ LNNI

AIOVIN 3Wi 0 3

47



AJI00 ‘u°R

ILv1d .01 — 01,07— 8L61 Uef - LL6] AON QO] 2in3t]

JWIL IPI0T ¥YI0S

Set~-
001~
Bl
L
S
0
se
0S5
S

001

b 22 @2 8T 91T ¥T 21 €T 8 9 ¥ 2
frrrrrrrrrrrrrerrrrbirb
= ]
LI P 1 P i v i el Lo i b b gl 3]

5¢}

(S/7W)
ALIJCTI3N
NOI
190ILd3N
884
1l — Wi

48



NORTH

GEODETIC LATITUDE (DEG)

SOUTH

VERTICAL DRIFT VELOCITY (m/s) POSITIVE (UP) D MONTHS 300%m LT 197-220

T Ll T I 1
\le___/ e N ' 130
20 10 "’\\

1 1
180 o 60 120 180
WEST GEODETIC LONGITUDE (DEG) EAST

Figure 11. Contours of vertical ion drift velocity calculated for D
months (northern hemisphere winter). A realistic model of the
magnetic field at 300-km altitude is used for magnitude, inclina-
tion, and declination. The electric field is assumed to be constant
and eastward at a value of 0.6 mV m-!. The wind field varies
linearly with geodetic latitude as indicated on the right-hand side
of the figure. The dashed line denotes the geomagnetic equator,
and the letter J refers to the Jicamarca Observatory. Regions of
maximum upward drift velocity are shaded. Their locations cor-
respond to the distribution of depleted plasma regions observed
at winter solstice and shown in Figure 6.
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NORTH

GEODETIC LATITUDE (DEG)

SOUTH

VERTICAL DRIFT VELOCITY (m/s) POSITIVE (UP) J MONTHS 300km LT 19" - 22"

180 120 60 0. ©0 120 160
WEST GEODETIC LONGITUDE (DEG) EAST

Figure 12. Vertical ion drift velocity calculated for northern
hemisphere summer (J months). The wind field is the same as
that used in Figure 11, with appropriate seasonal changes.
Regions of maximum upward drift are shaded; their distribution
corresponds closely to the observations of depleted plasma
regions shown in Figure 7.
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ATOMIC NITROGEN DENSITIES NEAR THE POLAR CUSP

M. J. Engebretson and J. T. Nelson
Department of Physics
Augsburg College
Minneapolis, MN 55454

The Neutral Atmosphcre Composition Spectrometer (NACS) on board the Dynamics Explorer-2
spacecraft sampled several major and minor thermospheric gases including atomic nitrogen. We
present here a selection of passes over the polar cusp that provide a quantitative measure of the in-
crease of N densities due to soft particle precipitation occurring in this region. Increases in N den-
sities are frequently observed, but are smaller than accompanying increases in N, densities. Our
observations support carlicr studies suggesting that 1) N densities increasc morc rapidly than O den-
sities during periods of high solar EUV flux and 2) N densities are larger in the summer
hemisphere than in the winter hemisphcre. A series of passes in February 1983, late in the lifetime
of DE-2, indicated N densities at 2000 km altitude which were a factor of = 2 larger near the
southern cusp than near the northern cusp.

Sil




TABLE 1

Atomic nitrogen densities in or near the polar cusp late in the

lifetime of DE-2.

ORBIT DATE F Kp CUSP ALTITUDE (km) DENSITY (cm_3

1057 )

Northern Hemisphere

8543 83047 91.9 4 Y 236 Bk 5 10>
8553 83048 9%.2 3 y 238 6 & 10°
8562 83048 94.2 3 N 186 It & 167

Southern Hemisphere

8436 83040 195:8 54 Y 236 1.4 x 10’
8514 83045 94.1 3 N 230 e A0
8551 83048 Gl B= Y 205 2.4 x 107
8574 83049 99 3 N 199 2.8 x 10
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SIMULATION OF THE THERMOSPHERIC TIDES BY USE OF THE
NCAR THERMOSPHERIC GENERAL CIRCULATION MODEL

C. G. Fesen, R. E. Dickinson, and R. G. Roble
National Center for Atmospheric Research
P.O. Box 3000
Boulder, CO 80307

Numerical calculations of the thermospheric tidal winds and temperatures were produced by use
of the NCAR Thermospheric General Circulation Model (TGCM). The present calculations were
restricted to solar minimum equinox conditions. The effects of viscosity, conductivity, diffusion,
ion drag, winds, and temperature gradients were included. The semidiurnal propagating waves ex-
cited by heating in the lower atmosphere were modelled by use of the classical tidal perturbations
as lower boundary conditions. The TGCM was tuned by adjusting the tidal forcing term until
calculated semidiurnal winds and temperatures matched incoherent scatter observations. The tidal
TGCM results are consistent with previous theoretical work and successfully reproduce high
altitude temperature and velocity data, but give somewhat lower magnitudes for velocities and
temperatures near 160 km than are seen observationally. Future plans call for similar studies being
done for solar maximum equinox conditions, and then the solstice cases. These studies would
benefit enormously from additional data, particularly if higher order modes are to be accurately
included.
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AMPLITUDE

SEMIDIURNAL HOUGH FUNCTIONS

1 1 : | | | I |
0° 10 20 30 40 50 60 70 80°
LATITUDE

Figure 1. Classical Hough functions for the semidiurnal tides. Note increasing latitude
structure for higher order modes.
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G (Z, 9, t) =¥ Ln (Z) en (6) el (ot + s))
n

FOR SEMIDIURNAL TIDES

27
o= —
Y,
SRR

¢)97 = { 4)2, 297 92' 9) eik2,2 297 +

¢)2' 497 92' 4 el k2‘4297 } ° el {4rt + 2N}

Figure 2. Classical solutions for any
tidal variable as a function of altitude,
latitude, and time can be written as
shown in the top line of the figure.
The geopotential ® at 97 km can be
written as shown.
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SPECIFY THE GEOPHYSICAL CONDITIONS;

START WITH EQUILIBRIUM SOLUTIONS OF THE TGCM FOR
SOLAR HEATING ALONE FOR THE APPROPRIATE CONDITIONS;

GUESS THE AMPLITUDE AND PHASE FOR THE 2,2 AND 2,4
GEOPOTENTIAL AT 97 KM, AND CALCULATE THE TOTAL TIDAL
GEOPOTENTIAL AT 97 KM;

CALCULATE U, V, T AT 9/ KM FROM THE GEOPOTENTIAL AT 97 KM
USING FORMULAE FROM CHAPMAN AND LINDZEN AND USE THESE AS
LOWER BOUNDARY CONDITIONS;

INTEGRATE THE MODEL EQUATIONS UNTIL EQUILIBRIUM IS
ACHIEVED., THIS TYPICALLY TAKES 10% MIN CRAY CPU;

FOURIER DECOMPOSE THE U, V, AND T FIELDS INTO ZONAL
WAVENUMBERS 1 AND Z;

COMPARE THE TGCM U, V, AND T AMPLITUDES AND PHASES AT
18° AND 45° WITH OBSERVATIONS FROM ARECIBO, MILLSTONE
HILL, AND SAINT SANTIN;

MODIFY THE INITIAL GUESSES FOR THE 2,2 AND 2,4 AMPLITUDES
AND PHASES OF THE GEOPOTENTIAL AND REPEAT FROM STEP 4
UNTIL REASONABLE AGREEMENT IS OBTAINED BETWEEN THE MODEL
AND OBSERVATIONS.,

Figure 3. Steps in the calculation of the thermospheric winds and temperatures including the

effect of tidal excitation.
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Figure 4. Results for a particular guess for the 2, 2 and 2, 4 components of the

geopotential at 97 km.
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Figure 5. The incoherent scatter radar observations to which the TGCM winds and

temperatures were compared.
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BEST FIT TO OBSERVATIONS FOR

2, 2 AND 2, 4 GEOPOTENTIAL AT 97 KM:
Ay, =4x100m

A, 4 =3x104m

¢, , = -0.5 hr

¢34 = -2.5 hr

Figure 6. The amplitudes and phases for the
2, 2 and 2, 4 geopotential at 97 km which
best fit the observations shown in Figure 5.
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Figure 7. The north-south velocity observations at 18° and 45°.
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Figure 8. The TGCM north-south velocity at 18° and 45°.

71




ALTITUDE (KM)

300

100

/L

7/

18°
— ——— 450
= v
w
s
B \ \\\ \\
\] \\“
- I > i
ra |
7 7
e 18° // < \
7 // 18 \\\ 18°w
/ 7 - N DN \
L LA S~ Ns
.t ~ D
X( ~ \\\
é /’) \j
-
L/
] ] L1 1 1 1 | l/// 1 | | T W |
0 20 40 60 80 0 6 12
AMPLITUDE (°K) HOUR OF MAX

Figure 9. The temperature observations at 18° and 45°.
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Figure 10. The TGCM temperatures at 18° and 45°.
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Figure 11. The east-west velocity observations at 45°,
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Figure 12. The TGCM east-west velocities at 18° and 45°.
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Figure 13. The diurnal north-south velocity observations at 45°.
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TIDAL COUPLING WITH THE LOWER ATMOSPHERE
(Invited Review)

Jeffrey M. Forbes
Department of Electrical, Computer, and Systems Engineering
Boston University, Boston, MA 02215

1. INTRODUCTION

The purpose of this paper is to review the various ways in which propagating tidal components
excited in the mesophere and below affect the structure of the thermosphere and ionosphere above
100 km. Dynamo effects are not treated here, as they will be addressed separately in the paper by
A. D. Richmond.

We begin by examining the physical processes affecting the propagation of upward propagating
tides, and how they are interrelated in the context of a numerical model. Propagating diurnal and
semidiurnal tides which reach thermospheric heights are excited primarily by insolation absorption
by tropospheric water vapor (0-15 km) and stratospheric/mesospheric ozone (40-60 km), respec-
tively. Simulation of these oscillations requires consideration of mean zonal winds and meridional
temperature gradients, and the damping effects of turbulent and molecular dissipation, radiative
cooling, and ion drag. These effects must be considered on a spherical rotating atmosphere ex-
tending from the ground to above 300 km, as they are in the model developed by Forbes (1982 a,
b) depicted schematically in Figure 1.

2. WINDS AND TEMPERATURES

Figure 2 illustrates amplitudes and phase vertical structures at 0°, 18°, 42°, and 60° latitude for
the solar diurnal westerly wind at equinox from the Forbes model. In-situ EUV excitation above
90 km is included in these simulations. The following features are worth noting:

(1) Below 100 km at low latitudes the exponential amplitude growth and phase progression (\,
=~ 30 km) with height are characteristic of the (1, 1) diurnal propagating tide. The (1, 1) mode at-
tains its peak amplitudes near 110 km and decays rapidly above this height due to molecular
dissipation.

(2) Below 100 km at high latitudes the relative absence of amplitude growth and phase progres-
sion with height is indicative of the (1, -2) trapped mode. Superposition of the (1, 1) and (1, -2)
modes accounts for the illustrated changes in vertical structure of the diurnal tidal winds and
temperatures.

(3) Amplitudes and phases of u, v, and 6T are asymptotic to constant values above 200 km.
This behavior is consistent with the dominance of diffusion in the upper thermosphere, and with
the condition that there be no sources of heat or momentum in the upper thermosphere.

(4) Diurnal tidal oscillations in the 90-150 km region receive about equal contributions from up-
ward propagating and in situ excited components.
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Item (4) is examined in detail in Figure 3 where the northerly velocity at 18° latitude is separated
into relative contributions due to the (1, 1) propagating tide (predominant below 150 km) and that
excited in-situ by EUV and UV solar radiation absorption (predominant above 150 km). Note the
transition from a 30-km vertical wavelength phase progression with height below 150 km indicative
of the (1, 1) mode to phase and amplitude constancy with height indicative of fast molecular dif-
fusion and in situ excitation,

Figures 4 and 5 illustrate amplitude and phase vertical structures at 0°, 18°, 42°, and 60°
latitude for the solar and lunar semidiurnal westerly winds at equinox from the Forbes model. For
the solar component the transition to shorter vertical wavelengths between 80 and 100 km, the ef-
fects of dissipation on the upward propagating components between 110 and 150 km, and the
asymptotic behavior characteristic of the upper thermosphere are clearly illustrated. The upper
thermosphere velocity and temperature fields, which typically range between 10-50 m sec'! and
20-40 K with the larger values at low latitudes, originate with about equal weighting from three ex-
citation sources: (1) in situ EUV excitation, (2) ion-drag momentum coupling with the diurnal tidal
winds, and (3) upward propagating modes excited below 100 km. Although the lunar gravitational
excitation consists of some (2, 4) in addition to the predominant (2, 2) forcing, the excitation of
the higher-order (2, 4) and (2, 5) modes are due almost exclusively to mode coupling due to
mesospheric mean winds and meridional temperature gradients. Winds (temperatures), in fact,
reach amplitudes of order 10-15 m sec! (10-15 K) in the lower thermosphere, and 5-10 m sec! (5-10
K) in the upper thermosphere, and may thus account for a significant portion of day-to-day
variability reported in measurements of the solar semidiurnal tide.

The joint presence of molecular viscosity, thermal conductivity, anisotropic ion drag, and rota-
tion on a sphere renders the viscid tidal equations inseparable with respect to height and latitude,
whereas in an inviscid atmosphere where the background temperature is independent of latitude
the equations are separable, and classical tidal theory applies. In classical tidal theory the eigen-
solutions (Hough functions) of Laplace’s tidal equation define the horizontal structures of each
mode, and the eigenvalues (equivalent depths) fix each mode’s vertical structure. Thus, besides
alteration of the vertical tidal structures from exponential growth (for propagating tides) or decay
(for trapped tides) to asymptotically constant solutions inthe upper thermosphere, the region
where x, the ratio of the wave period to the dissipative time scale, approaches unity is also
characterized by a transition from tidal solutions that are separable with respect to height and
latitude to one in which vertical structures for a particular ‘modal extension’ into the thermosphere
vary with height. This behavior is illustrated in Figures 7 and 8, which depict the horizontal shapes
of the (2, 2) and (2, 4) Hough mode extensions (HME) of the semidiurnal temperature oscillation
at various heights. Note that the node at 15° latitude for (2, 4) disappears and the (2, 2) horizontal
shape broadens considerably at progressively greater heights in the thermosphere.

An illustration of how upward-propagating tides affect the local-time structure of the thermo-
sphere is illustrated in Figure 9, taken from Garrett and Forbes (1978). These authors superimposed
in-situ diurnal simulations with theoretical semidiurnal ‘Hough mode extensions’ calibrated to
observational data. Note the high degree of structure exhibited below 200 km. The hour of max-
imum amplitude shifts to earlier times with increasing altitude, indicating the presence of upward
propagation waves. A 12-hour period is particularly evident below 150 km.

At solar minimum, the upward propagating components can be expected to exert a greater in-
fluence on thermospheric structure, due to the relatively smaller contribution from in-situ EUV
sources. An example of how this influence can be reflected in midlatitude exospheric temperatures
is illustrated in Figures 10 and 11, where temperatures measured at Millstone Hill during 1974
(SSMIN) and 1980 (SSMAX) are depicted. Note the predominance of a diurnal component at
SSMAX whereas the SSMIN curve exhibits structure containing semidiurnal and terdiurnal
components,
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Another manifestation of upward propagating tides occurs via the nonlinear coupling between
the semidiurnal thermospheric oscillation (which originates via in-situ as well as lower atmosphere
contributions) and the diurnal variation of ion drag to produce a terdiurnal component to the
thermospheric temperature and density, particularly at low latitudes where the coupling is strong.
The nonlinear coupling between tidal winds and ion drag has been invoked by Mayr et al (1974) to
explain spurious anamalous increases in the equatorial neutral temperature around midnight ob-
served by the NATE experiment on AE-E, as illustrated in Figure 12. The semidiurnal component
receives strong contributions from (a) diurnal winds interacting with the diurnal ion drag and (b)
upward propagating modes excited by O;insolation absorption. The semidiurnal fields interacting
with the diurnal component of ion drag, in turn, generate a substantial terdiurnal component. The
synthesis of all contributions can yield the signature of a midnight temperature maximum in the
upper thermosphere as illustrated in Figure 12.

3. ACCELERATION AND HEATING OF THE LOWER THERMOSPHERE DUE TO
DISSIPATING TIDAL WAVES.

In the zonal mean, the atmosphere can be accelerated and heated by the deposition of momen-
tum and thermal energy by the so-called ‘eddy’ or ‘perturbation’ motions of the atmosphere. Since
gravity wave and tidal amplitudes grow exponentially with height, it has often been suggested that
these motions might contribute significantly to the mean momentum and energy budget of the
lower thermosphere. These effects enter in the zonal mean momentum equation as a divergence of
the eastward eddy momentum flux:

1 d 14
A — (u'v'costg)- — —pu'w’
acos? ¢ do p 0z

el
It

and in the thermal energy equation as a divergence of the thermal eddy momentum flux:

1 4 10
Fr =- — (v'P'cosp)- — —pw'd’,
acos ¢ do Z p 0z

where

radius of the earth

latitude

altitude

pressure

perturbation westerly velocity
perturbation northerly velocity
perturbation vertical velocity
= perturbation geopotential

B E <ET NS
I

Miyahara (1978) has investigated the deposition of mean momentum and heat in the lower
thermosphere connected with the dissipating (1, 1) and (2, 4) tidal modes using the above equa-
tions. In Figure 13 Miyahara’s calculation of F, and the resulting mean zonal wind are illustrated.
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fhe (1, 1) mode is apparently capable of producing an easterly jet (~60 m sec’!) in the equatorial
lower thermosphere, and a westerly flow of order 30 m sec! at midlatitudes. Results for the (2, 4)
mode in Figure 14 indicate mean zonal winds of order 10-15 m sec’!, which are smaller but not
negligible compared with the (1, 1) mode. The zonal flow generated by the dissipating tidal modes
is comparable to the flow generated by direct solar heating in this altitude regime as computed by
Dickinson et al (1975).

Recent calculations by Groves and Forbes (1984) indicate that the effects of tidal heating on
thermospheric temperature structure appear secondary to the influence of tidal accelerations on the
zonal mean wind field of the 90-150 km region.

4. TIDAL EFFECTS ON COMPOSITION

Mayr and Harris (1977) and Forbes (1978) have investigated tidal variations in thermospheric O,
O,, N,, Ar, He and H using models that take into account the effects of tidal temperatures,
horizontal and vertical tidal winds, photo- and ion-chemistry, exospheric transport, and thermal
diffussion. Hydrogen tidal variations are dominated by vertical flow due to lateral transport in the
exosphere, but wind induced diffusion is the single most important process for causing deviations
from diffusive equilibrium (temperature-dominated) solutions of tidal variations in O, O,, N,, Ar,
and He in the thermosphere. The effects of ion- and photo-chemistry on the variations of O and
O,, and exospheric transport on He, are found to be of secondary or negligible importance above
120 km. Measurements of neutral composition and temperature aboard the AE-E satellite have
been analyzed to determine the semidiurnal and terdiurnal variations of O, N,, He and Ar from
145-295 km (Hedin er al, 1980). The semidiurnal variations of O and N, are illustrated in Figures
15 and 16, respectively, along with predictions from the MSIS model, the Forbes model, and the
Mayr et al (1979) model. For O variations, the Forbes and Mayr et al models predict the overall
phase and ampltitude structures quite well, with some overestimate of amplitude. Surprisingly, the
empirical MSIS does not fit the measurements as well as the theoretical models. On the other
hand, the MSIS model provides a much better fit to the semidiurnal amplitude of N, whereas the
other models overestimate its amplitude. The semidiurnal phases for N, are adequately reproduced by
Forbes and MSIS models, but the Mayr er @/ model yield phases about 2 h too late above 200 km.

It is well known that winds exert an important influence on the height and density of the F-layer
peak. A pronounced example is the dynamic behavior of the nighttime Arecibo ionosphere, par-
ticularly the so-called ‘midnight collapse’ phenomenon, which receives its primary drive from the
semidiurnal tide propagating upward from the lower atmosphere. A simulation of the Arecibo
ionosphere from the model of Crary and Forbes (1984) is shown in Figure 17. The post-midnight
descent (or ‘collapse’) of the F-layer peak is shown by these authors to be precipitated by a sudden
abatement of southward winds determined by a reinforcement of the in-situ excited diurnal com-
ponent, an upward propagating semidiurnal component, and a terdiurnal component which these
authors conjecture to arise from ion-drag coupling between the semidiurnal wind and the diurnal
component of ion drag. In addition, the bunching of contours in the bottomside F-region as il-
lustrated in Figure 17 is due to the vertical shear of the semidiurnal wind field, and may produce
electron density gradients sufficient to excite the ExB gradient drift instability.

Acknowledgements. The preparation of this review was supported by NSF Grant ATM - 8319487
to Boston University.

82



REFERENCES

Crary, D. J. and J. M. Forbes (1984), The Dynamic lonosphere over Arecibo, A Theoretical
Investigation, submitted to J. Geophys. Res.

Dickinson, R. E., Ridley, E. C., and Roble, R. G. (1975), Meridional Circulation in the
Thermosphere, J. Atmos. Sci. 32, 1737-1735.

Forbes, J. M. (1979), Tidal vanations in Thermospheric O, O,, N,, Ar, He and H, J. Geophys.
Res. 83, 3691-3698.

Forbes, J. M. (1982), Atmospheric Tides. 1, Model Description and Results for the Solar Diurnal
Component. J. Geophys. Res. 37, 5222-5240.

Forbes, J. M. (1982), Atmospheric Tides. II. The Solar and Lunar Semidiurnal Components,

J. Geophys. Res. 37, 5241-5252.

Garrett, H. B., and J. M. Forbes (1978), Tidal Structure of the Thermosphere at Equinox, J.
Atmos. Terr. Phys. 40, 657-668.

Groves, G. V., and J. M. Forbes (1984), Equinox Tidal Heating of the Upper Atmosphere, Plant.
Space. Sci. 32, 447-456.

Hedin, A. E., Spencer, N. W., and Mayr, H. G. (1980), The Semidiurnal and Terdiurnal Tides in
the Equatorial Thermosphere from AE-E Measurements, J. Geophys. Res. 85, 1787-1791.

Mayr, H. G., Harris, 1. (1977), Diurnal Variations in the Thermosphere -2. Temperature,
Composition, Winds, J. Geophys. Res. 82, 2628-1640.

Mayr, H. G., Harris, 1., Spencer, N. W., Hedin, A. E., Wharton, L. E., Porter, H. S., Walker,
J. C. G., and Carlson, H. C. (1979), Atmospheric Tides and the Midnight Temperature
Anomaly, Geophys. Res. Lett. 6, 447-450.

Miyahara, S. (1978), Zonal Mean Winds induced by Vertically Propagating Atmospheric Tidal
Waves in the Lower Thermosphere, J. Meteor. Soc. Japan 56, 36-98.

83




s

1] ION _DRAG

RADIATION S |5y il

ABSORPTION Mou_scl LAR

U
0.,0,:N, >90km DISSIPATION
0, 30-70 km = 1D0km
H0 <20k
£ - EDlDY ol
T DISSIPATION Lo )
[FouriER DECOMPOSITION| < 100 km % i !
WINDS
S'L*-«E"iS----E?k - o
e, ORI TEMPERATURES
PERTURBATION 3
EQUATIONS ; OFIREA
LATITUDE - DEPENDENT
THERMAL STRUCTURE
0-400 km
1
MEAN WINDS
0-400 km

Figure 1. Schematic describing the numerical model of atmospheric tides
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THE EFFECT OF BREAKING GRAVITY WAVES ON THE DYNAMICS AND
CHEMISTRY OF THE MESOSPHERE AND LOWER THERMOSPHERE
(Invited Review)

Rolando R. Garcia
National Center for Atmospheric Research*
P.0O. Box 3000
Boulder, Colorado 80307

The influence of breaking gravity waves on the dynamics and chemical composition of the
60-110 km region is investigated with a two-dimensional model that includes a parameterization of
gravity wave momentum deposition and diffusion.

The dynamical model is that described by Garcia and Solomon (1983) and Solomon and Garcia
(1983) and includes a complete chemical scheme for the mesosphere and lowcr thermosphere. The
paramaterization of Lindzen (1981) is used to calculate the momentum deposited and the turbulent
diffusion produced by the gravity waves.

It is found that wave momentum deposition drives a very vigorous mean meridional circulation,
produces a very cold summer mesopause and reverses the zonal wind jets above about 85 km (Fig.
1). Thc momentum deposition and turbulent diffusion are much weaker at equinox than at solstice
(Fig. 2). In Figure 3 the seasonal variation of the turbulent diffusion coefficient is consistent with
thc behavior of mesospheric turbulence inferred from MST radar echoes (Balsley ef al., 1983; see
Fig. 3 a, b).

The large decreases in turbulent diffusion at the equinoxes have profound effects on the
distribution of certain chemical trace species. In particular, atomic oxygen in the lower thermo-
sphere increases at the equinoxes because loss through diffusion into the sink region below =90
km is reduced. This increase in atomic oxygen is reflected in the greater intensity of the 5577 A green
line airglow emission. The model reproduces very well the observed seasonal variation of the green
line airglow (Fig. 4).

Ozone in the upper mesosphere is destroyed efficiently by HO, (H + OH + HO,) catalysis.
HO, abundance at the 80 km level depends sensitively on the concentration of water vapor, which
in turn is determined by upward diffusion from the lower mesosphere. At equinox, the diffusive
flux of H,O is reduced, HO, abundances decrease and O, increases in the upper mesosphcre. The
1.27 um O, airglow is a proxy for O; abundances at 80 km. Fig. 5 shows that the model
reproduces the major features of the seasonal variation of 1.27 um airglow observed by the SME
satellite (Thomas et al., 1984).

In conclusion, the large degree of consistency between model results and various types of
dynamical and chemical data supports very strongly the hypothesis that breaking gravity waves
play a major role in determining the zonally-averaged dynamical and chemical structure of the
60-110 km region of the atmosphere. A detailed account of this work is given in Garcia and
Solomon (1984).

*The National Center for Atmospheric Research is sponsored by the National Science Foundation
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Same, as computed by the model.
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THERMOSPHERIC NITRIC OXIDE AND ITS ROLE IN
THERMOSPHERIC DYNAMICS AND COMPOSITION

J-Cl. Gerard
Institut d’Astrophysique, Universite de Liege - B4200 Cointe-Liége Belgium
and
R. G. Roble
National Center for Atmospheric Research - P.O. Box 3000 - Boulder Colorado 80307

The global distribution of thermospheric nitric oxide has been measured under different
geophysical conditions by the Atmosphere Explorer (AE) and Solar Mesosphere Explorer (SME)
satellites. These observations show a great variability in the NO concentration but the existcnce of
a latitudinal gradient is clearly evidenced by statistical maps of the NO meridional distribution. A
two-dimensional zonally averaged chemical-dynamical model has been used to investigate the im-
portance of nitric oxide 5.3 um cooling and its role on thermospheric temperature, dynamics and
major gas composition.

For this purpose, a 2-D background atmosphere code and an odd nitrogen code have been
coupled and run to steady state. The NO distribution obtained is in good agreement with thc AE-
D global picture calculated at solstice for solar minimum activity. The importance of each term in
the thermodynamic equation has been studied spatially. It is found that the NO [.R. cooling tcrm
competes with conduction in the upper thermosphere and reaches its maximum value near 200km
at high summer latitudes.

The primary effect of including the NO cooling term is to increase the temperature in the upper
winter thermosphere and decrease it in the other hemisphere, if the global average temperature is
fixed. In general, the strcngth of the circulation is decreased and the thermal gradient is smoother.
As a consequence of thesc changes in the wind and temperature fields, the O,, N, and O densities
also react to the effect of the NO cooling. The importance of this process depends on the level of
solar activity which controls the NO distribution,
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Figure 3. Comparison between NO peak densities obtained with the 2-D odd nitrogen model
and AE-C, AE-D and high latitude rocket measurements.
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MODEL EQUATIONS

CONTINUITY:

d _
T2 & adivore=1
dt

THERMODYNAMIC:

dT — -
po, <= -divg, - Pdivy + Q

MOMENTUM:
dE = oew 4 - =n s
—v=-ZQXU——gradP+g +vV2y -\
dt 2

HYDROSTATIC:
P P

0z H

PERFECT GAS LAW:
P=pkT/m

CHEMICAL:
d(n,me)

ot

pl =/ II (ni mi p) = d|V$'I

Figure 5. Equations of the 2-D model of the
thermospheric structure.
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NITRIC OXIDE I. R. COOLING
LNO = hl’ [NO]V_I A1'0

= hy A; o @ [NOJ,_gen2

WITH:
Ky o [O]
W =
k1'0 [O] i A1'0

Ky o: QUENCHING COEFFICIENT OF NO (v=1)BY O = 6.5 x 10 cm3s!
A1,0 = 13.3 SA1

Figure 6. Expression, for the heat loss by NO (v=1—0) infrared transition.
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THERMODYNAMIC EQUATION

aT
a_=Qc+oa+Qad+Qch+Os+0m+QCOZ+QNO
t
1 3 (K, aT
s - 22\ CONDUCTION

Q pc, Hy az< Ho az>

v oT w  aT
Q =— — -— — :HORIZONTAL AND VERTICAL ADVECTION

r 80 H, oz

KT ) kT )

Qs = 55 2 W 2% . ADIABATIC HEATING

mec,r 86 mpc, Hy 0z
Q. CHEMICAL HEATING
Q,: SOLAR HEATING
Qm = Quarice + Quoute + Qcap: MAGNETOSPHERIC HEATING
Qco, : . R. CO, RADIATION

Qo : |. R. NO RADIATION (5.3 um)

Figure 7. Terms of the thermodynamic equation.
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GLOBAL LARGE SCALE STRUCTURES IN THE F REGION

S. H. Gross
Polytechnic Institute of New York

Farmingdale, NY 11735

Measurements of neutral densities, temperatures and ion density and temperature by the At-
mosphere Explorer C and E satellites exhibit fluctuations made up of coherent waves of scale size
from hundreds to thousands of kilometers. The fluctuations in the AE-C data are found at times
of low magnetic activity to extend from the auroral region in one hemisphere across the equator to
the corresponding region in the other hemisphere with little change in apparent wavelength. The
fluctuations in the AE-E data similarly exhibit at times of low magnetic activity nearly uniform
wave structure encircling the equatorial belt. Typical examples of waves of more than 1000 km ap-
parent wavelength in both the AE-C and AE-E data will be presented. These observations during
quiet times may be explained by a system of quasi-stationary waves excited by the auroral belts
that are distributed about the earth possibly with tidal or sub-tidal periods and scale lengths deter-
mined by the structure of the belts. According to this interpretation, TID’s are manifestations of
transient wave systems moving past a ground observatory that result from changes in magnetic ac-
tivity with periods and scale sizes associated with the regions of enhanced auroral activity. Some
evidence suggesting tidal-like stationary waves from the Millstone Hill incoherent scatter radar is
presented.

The first eight figures that follow are for AE-C. The next four are for AE-E and the last is for
Millstone Hill incoherent scatter radar measurements. It will be seen for the fluctuations in the
data measured by AE-C that there is little variation in the scale size of the structures while the
satellite is moving from one hemisphere to the other. Since the orbit is inclined 68°, there are por-
tions of the orbit when the satellite is at high latitudes moving almost west to east. There is no
reason why the behavior of the wave structure for these parts of the orbit should be the same as
the parts in which the satellite is moving mostly from north to south or from south to north. Fur-
thermore, as one might expect with fixed wavelength waves, there is no evidence of exponential at-
tenuation with distance as might occur due to loss processes. The mode of propagation, if these
are propagating waves, must be such as to incur low losses.

Figure 1 is a plot of AE-C measured data on January 20, 1975. The orbit was nearly circular,
inclined 68 ° and the satellite was at an altitude of about 250 km. Densities of atomic oxygen,
nitrogen, helium and the electron density (Ne in the figure) are plotted in the upper graph. The
lower graph contains the electron temperature (dotted line) and the ion temperature (heavy line).
These are 15 seconds, United Abstract file data. (All the AE examples shown here are from these
files, including AE-E). Magnetic activity was quite moderate on this day.

Figure 2 is a plot of fluctuations obtained for the data of Figure 1. The data are normalized,
detrended and passed through a high pass filter that passes all waves with wavelengths less than
2600 km. 2000 km waves are evident in the figure. Three pairs of fluctuations are shown. The solid
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line in each is for oxygen for comparison, the other in each, shown dotted, is as indicated. The
three nearly even peaks in the oxygen fluctuations near the start from just before 29760.0 seconds
UT to about 29760.0 seconds are for the part of the orbit where the satellite is at high latitudes
moving west to east. From 29760.0 seconds to about mid-way between 30585.0 and 31410.0
seconds there are five nearly even spaces between peaks in the oxygen fluctuations. Similar
behavior is evident in the nitrogen fluctuations and the phase shifted ion temperature fluctuations.
During this time the satellite was moving southward from just below 60°N to -30°S. Beyond, there
is evidence of nearly equal spacing, but the magnitude is diminished. At 31410.0 seconds the
satellite is again traversing mostly from west to east in the southern hemisphere. Exponential
damping is not evident.

Figure 3 contains nitrogen fluctuations for AE-C measurements on January 19, 1975, a day of
moderate magnetic activity in which &, did not exceed 3,. The same filter as for Figure 2 is
employed. The satellite is at high latitudes moving mostly from west to east until just before
62481.0 seconds UT when it starts moving southward. There are roughly evenly spaced waves of
2000 km scale size until a time midway between 64173.0 and 65019.0 seconds UT. At this point
the satellite has reached southern high latitudes and is moving mostly from west to east before
reversing its path and returning to the nothern hemisphere.

Figure 4 is for the same orbit as Figure 3, but the data were passed through a high pass
filter that passes only waves with wavelengths less than 1300 km. Waves of the order of 900 km
are evident. The north to south region is again from about 62481.0 seconds to midway between
64173.0 and 65019 seconds. More uniformity appears in the region from this midpoint (roughly
-60°S) to earlier times, a point somewhat to the left of 63327.0 seconds (at about 30°N).

Figure 5 is for another day of AE-C data, February 17, 1975. The densities of nitrogen (top
curve), helium (second highest), argon (heavy line) and electron density (thin curve varying about
the argon curve after 36232.5 seconds) are plotted. Two auroral zone heating signatures are evi-
dent, one very distinct on the left at high northern latitudes, centered somewhat to the left of
34856.3 seconds, and a second, less distinct, at high southern latitudes centered to the left of
37608.8 seconds. The heating in both regions may act as wave sources. The &, for this day did not
exceed 3, .

Figure 6 is a plot for the fluctuations of nitrogen (solid line) and argon (dotted line) for the data
in Figure 5. It was obtained by passing the data through a bandpass filter allowing only waves in
the range 1100 to 2600 km to pass. Strong waves to the left of 34971.0 seconds are for the nor-
thern auroral region. Similar strong waves are observed in the southern auroral region to the left
of 37509.0 seconds. The equator is crossed at about 35817.0 seconds. The pattern looks like that
of two interfering wave systems. High latitude west to east traversal in the northern hemisphere is
for the time interval 34125.0 to 34971.0 seconds, and somewhat to the right of 36663.0 to
somewhat past 37509.8 seconds for the southern hemisphere.

Figure 7 contains the cross correlation function for the fluctuations of Figure 6. The large
negative peak of -.8 shows that argon and nitrogen are well correlated and that a coherent wave
system exists.

Figure 8 contains fluctuations for the data of Figure 5 but for a bandpass filter passing waves in
the range 800 to 1300 km. These are roughly 1000 km waves of nitrogen fluctuations. The
southern region at about 36663.0 seconds is stronger by a factor of about 2. The fluctuations
resemble that of two interfering waves, perhaps from two sources. Fairly evenly spaced waves are
evident between 34971.0 and 36663.0 seconds.

Figure 9 is a plot similar to that of Figure 1, but is for AE-E measurements on August 1, 1977.
AE-E was in a nearly circular orbit inclined 20° at an altitude of about 260-270 km. The upper
graph contains densities of oxygen (upper curve), nitrogen (second highest), helium (third curve)
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and the electron density (lowest). The lower graph contains ion temperature (dotted line) and
neutral gas temperature (heavy line). Magnetic activity was moderate; k, did not exceed 3. The
satellite was mainly moving from west to east in an equatorial belt between +20°.

Figure 10 contains plots of four pairs of fluctuations for the data of Figure 9 as obtained from
a high-pass filter passing only waves with wavelengths less than 2600 km. The scale size of the
waves is about 1800 km. The solid line in all four graphs is for oxygen, the others (dotted) as in-
dicated. The time shown is for about 3/4 of an entire orbit, limited due to the absence of data
prior to and after the orbit. Nearly uniform waves are evident girdling this much of the equatorial
belt.

Figure 11 is for AE-E for November 23, 1977. The satellite was in the same orbit as in Figure 9.
Neutral and ion winds are shown as well. Magnetic activity was low for this day, k, did not ex-
ceed 1,.

Figure 12 is a plot of fluctuations for the data of Figure 11. Here the data were passed through a
bandpass filter allowing only waves in the range 2600 to 5200 km to pass. The waves in the figure
are roughly of 2800 km in scale size. The upper graph is for neutral temperature and nitrogen den-
sity fluctuations. Its cross correlation function is to its right and shows a negative peak of about
-.85. Fluctuations of horizontal (roughly north-south) neutral winds and nitrogen density are
shown in the lower graph. Its cross correlation function is to its right and contains a negative peak
of about -.68. The time period covers about one half of an orbit, the limitation being the extent of
the measurements.

Figure 13 is for the data of Figure 11, but the fluctuations are obtained from a high-pass filter
that passes all wavelengths less than 1300 km. These waves are about 1000 km in scale size and the
plot covers about half the equatorial belt. The uniformity of these waves is quite remarkable. The
solid line is for nitrogen and the dotted for the neutral temperature.

Figure 14 is a plot of data obtained from a series of Millstone Hill incoherent scatter radar
measurements while in an elevation scan mode from due south to due north. The scan is com-
pleted in about 20 minutes, but the scan to scan period is 45 minutes. Shown here are the so-called
raw fluctuations for individual scans plotted with separations so that they can be seen relative to
each other. Not all scans are shown. The plots are to a scale which is not shown. The abscissa is
the geomagnetic latitude. The Millstone Hill station is at 54°. The curves shown are constant
altitude electron densities at 350 km. The day and beginning time of each scan is shown on the left
of each curve. The nature of the variation appears to change from flat to concave to flat to con-
vex, etc., with a period that may relate to the diurnal or semi-diurnal period and for a half
wavelength of about 1000 km, much like the behavior of a stationary wave. There is an unfor-
tunate four hours 45 minutes gap between th 03:11 and 07:55 curves due to a radar malfunction.
The change in shape for these two times is quite interesting. Whether these variations can be inter-
preted as evidence of tidal like, stationary variations is highly speculative at this time.
Measurements on other days are also somewhat like these curves.
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THE MEASURED MOTIONS INSIDE EQUATORIAL PLASMA BUBBLES

W. B. Hanson
Center for Space Sciences
P.O. Box 688
The University of Texas at Dallas
Richardson, TX 75080

D. K. Bamgboye
Physics Department
University of llorin

Ilorin, Nigeria

A preliminary study of the vertical and north-south horizontal ion motions in plasma bubblcs in
the near-equatorial ionosphere utilizing drift meter data from Atmosphere Explorer E is presented.
High-resolution data show that the vertical ion velocity in some bubbles increases approximately
lincarly with (Ny-N)/N, wherc N, is the background ion concentration and N is thc bubble ion
concentration. At sufficiently large N /N the vertical ion velocity saturates, but often at a value
substantially larger than the ratio of the gravitational acceleration to the ion neutral collision fre-
quency (g/v;,), which is the nominal collision-dominated velocity limit for cylindrical bubbles.
These larger than nominal velocities may result from background eastward electric fields and/or
from a vertically elongated bubble cross section. The unanticipated observation that large
poleward horizontal drifts accompany these vertical drifts seems to follow naturally from a
redistribution of plasma along flux tubes as the plasma convects from the bottomside of the F
region to high altitudes.

137



‘wwI = L0 pue ‘7 = dy ‘L = dv usym ‘6L61 ‘17 AInf uo

960C 11q10 -V WOIJ 3Ie BIep YL "J0IO3A AIOO0J9A 3JI[[9)€S 3Y) O) [BULIOU UOIIIAIIP B Ul ITB SINIOO[IA [BIUOZLIOY
YL "SINIDO[AA (SIOP PIOS) [BJ1IA pue (3081} J[PPIW) [BIUOZLIOY JIoY) pue (s3]qqnq) suonadap Ansusp ayl (soen
Iamo] 33 ur) 3uimoys IdJow PUp uol ay) woly (A[uo sjuiod aInjosqe) elep JYLUp pue AJSusp Jaquunu uoj ‘| ISy

(Utw:Jy) JWIL TVSHIAINN

1N 2v:0l OH:Cl 8¢:0l 9¢:0l b¢:0l 2e:0l 0g:0l
(T T T T T O T T O T O O T T T T T T T T T T o oo
e . 6l A1NC 18 ; b '8
. 9602 11840 : :
- ¢ 4 w. 3-3V . kP s
Hb\&r' u..r)_.u.m . . . ¥ t _n. w ) & L : .w.”.,........ .W . “
N MR I i Lk N I A] 9
HI Np— — — - o~ A A~ A m
e T T T PP PP T TY T T PR TP T o Sy L Ly Y ...oo.oooMO
L] ¢.

b bbb b b b b booce beeen b e et L e

ONONC bLI- 9'8LI il O 9l G996l 6'8bl
1vd €9°0- L0 v6’l 6l c9v 829
1v1 9l 16°¢ 099 916 SS| clel
1IN OL22 Gl'eé 19712 LO’I2 €S5°02 866l
11v  6bb cbb 6t v 8tb 8vb 8t b

|
(295w ) AHA (c w)'N 907

138



448 ALT

20.15 MLT
13.07 LAT
o WO DLAT
I51.3 LONG
- | i
L
E o
>
= —— !
8 o + .w -
|
w =
>
1 L { I | L I
[ 1 TT L § I 1
€ —, A —_ B o
-~ 6 /—'1./ —
=
>+ AE-E -
3 ORBIT 20496
B 21 JULY 79 7]
o) - L 11 ] | l
10:31:00 10:31:10 10:31: 20 10:31:30 10:31:140UT

UNIVERSAL TIME (hr:min:sec)

Figure 2. High-resolution version of the portion of Figure 1 marked HR. Note how depletions and
velocities that are barely visible in Figure 1 can be quite clearly identified and measured in this
format. Alternate 4-s segments of pitch (vertical) and yaw (horizontally) velocity data are shown in

the upper trace.

139



T3
O
T
1

100} o

VERTICAL VELOCITY,
(&)
O
T
g

1\"?
\

(b)

)
n
O
@]

160

120

80

40

VERTICAL VELOCITY (m/s

y | | | ] 1 ] ] 1
O 05 O |5 20 25 30 35 40

AN/ N

Figure 3. Vertical ion velocity data from the bubble labeled A in
Figure 2 (a) plotted versus (N,-N)/N, and (b) plotted versus
(N,-N)/N.

140



‘N/NV 10} 2[Bds uayoiq
ay) 210N ‘1 24nS1] JO $[qQNQ UOIIBIIUIIUOD MO| K124 3yl JO U0 10J N/(N-°N) snsiaa AA jo 10[d v “f 2an3i]

N/NV

009 00r 002 02! 00i ©C8 0% Ov 0
LR S I N R T T T T T
T
Al
b= \\\m\\ ]
1\0\[0‘\\ o
WI [ ]

1 1 ] 1 g1 | | 1 1 i

@) @)

@) O

M N
(s/w ) ALIDO0T3A IVIILY3A

®)
O
¢

141



500 T T pap— T
} 49 y
asob Vin <\L s
COLLISIONLESS
400 F(10.7)—=T75 /ISO 75-——F(10.7)
P
E 3501 / =
= r
w (/ ,/
(o) -
= 300 i —
| ot ///
- .
- 250K COLLISIONAL ,‘\ =
g REGIME
4q
s 3
200} o« " -
4 l"'in
150+ glyin —
100 ! 3 ] 1 1 1 1 \ | ) 1 1 A 1
0.0l ol 1.0 10 100 1000

9/, (m/s) ;v (s7') ; L{km)

Figure 5. Plots versus altitude of the ion-neutral collision frequency (v;,), the ratio of gravitational
acceleration to v, and the scale, L, that divides the collisional and collisionless regimes of the
Rayleigh-Taylor gravitational instability. v;, and g/v;, are plotted for three different levels of solar
activity, the MSIS model (Hedin, 1983) and collision cross sections from Banks and Kockarts
(1973) were used to evaluate v,,. The heavy dashed line (L,) defines v, = 4g/L for F(10.7) =
175, and the light dashed line (L,) does the same for F(10.7) = 75.
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UT/LONGITUDINAL VARIATIONS OF COMPOSITION IN DE DATA

A. E. Hedin
Code 614
NASA/Goddard Spaceflight Center
Greenbelt, MD 20771

Composition data obtained by the quadrupole mass spectrometer (NACS) carried aboard the DE-
B satellite have been examined for variations in the polar regions during magnetically quiet condi-
tions. The corresponding predictions of the MSIS-83 model are often used for comparison. The
MSIS-83 model is used to emphasize the variations of interest by suppressing all other variations.
A persistent enhancement of N, density and a depletion of He density are present in the vicinity of
the magnetic poles with maximum density response in the morning hours (magnetic) on average. A
universal time (UT) variation in average density levels is evident near both the geographic and
magnetic poles. There are systematic morphology changes with UT and between summer and
winter which are qualitatively consistent with the simple concept that thermospheric heating effects
are shifted or spread in the downwind direction of the global circulation systems driven by EUV
and magnetospheric sources. The magnitude of the UT variations is larger in the southern
hemisphere and is larger in local winter than summer.
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Figure 1. Contour plot in geomagnetic latitude (-90 to -30 degrees) and magnetic local time
coordinates of southern hemisphere N, data and corresponding MSIS model results for the same
data distribution: (a) logarithm of N, data divided by the MSIS model omitting the UT/longitude
terms of the model; (b) same as panel (a) using full MSIS model N, densities in place of data; (c)
and (d) same as panels (a) and (b) but dividing by MSIS model omitting the UT/longitude, local
time, and time independent latitude terms.
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Figure 2. Contour plot in geomagnetic latitude (-90 to -30 degrees) and magnetic local time
coordinates of southern hemisphere He data and corresponding MSIS model results for the same
data distribution: (a) logarithm of He data divided by the MSIS model omitting the UT/longitude
terms of the model; (b) same as panel (a) using full MSIS model He densities in place of data; (¢)
and (d) same as panels (a) and (b) but dividing by MSIS model omitting the UT/longitude, local
time, and time independent latitude terms.
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Figure 3. Contour plot in geographic latitude (-90 to -30 degrees) and longitude coordinates of
southern hemisphere He data and corresponding MSIS model results for the same data
distribution: (a) logarithm of He data divided by the MSIS model omitting the longitude terms of
the model; (b) same as panel (a) using full MSIS model He densities in place of data; (c) and (d)
same as panels (a) and (b) but dividing by MSIS model omitting the longitude and time
independent latitude terms. The x indicates the geomagnetic pole and square the dip pole.
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Figure 4. Contour plot in geomagnetic latitude (-90 to -30 degrees) and
magnetic local time coordinates of southern hemisphere He data for six
hour UT intervals and corresponding MSIS model results for the same
data distribution: (a) logarithm of He data divided by the MSIS model
omitting the UT/longitude terms of the model for 0 to 6 hrs UT; (b)
same as panel (a) using full MSIS model He densities in place of data;
(¢) and (d) same as panels (a) and (b) for 6 to 12 hours UT; (e) and (f)
for 12 to 18 hrs UT; (g) and (h) for 18 to 24 hrs UT.
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Figure 5. Contour plot in geographic latitude (-90 to -30 degrees) and
longitude coordinates of southern hemisphere He data for six hour UT
intervals and corresponding MSIS model results for the same data
distribution: (a) logarithm of He data divided by the MSIS model
omitting the UT/longitude terms of the model for 0 to 6 hours UT; (b)
same as panel (a) using full MSIS model He densities in place of data;
(c) and (d) same as panels (a) and (b) for 6 to 12 hours UT; (¢) and (f)
for 12 to 18 hrs UT; (g) and (h) for 18 to 24 hrs UT.
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Figure 6. Contour plot in geographic latitude (-90 to -30 degrees) and longitude coordinates of
southern hemisphere He data for six hour UT intervals. Contours indicate the logarithm of He
data divided by the MSIS model omitting the UT/longitude and time independent latitude terms
of the model for (a) 0 to 6 hrs UT; (b) 6 to 12 hrs UT; (¢) 12 to 18 hrs UT; and (d) for 18 to 24
hrs UT.
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Figure 7. Contour plot in geographic latitude (-90 to -30 degrees) and longitude coordinates of
southern hemisphere He data: (a) logarithm of He data divided by the MSIS model omitting the
longitude terms of the model for summer data; (b) same as panel (a) but dividing by MSIS model
omitting the longitude and time independent latitude terms; (c¢) and (d) same as (a) and (b) but for
winter data.
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Figure 8. Contour plot in geographic latitude (-90 to -30 degrees) and longitude coordinates of
northern hemisphere He data: (a) logarithm of He data divided by the MSIS model omitting the
longitude terms of the model for summer data; (b) same as panel (a) but dividing by MSIS model
omitting the longitude and time independent latitude terms; (¢) and (d) same as (a) and (b) but for
winter data.
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of the UT variaticn at the geographic pole as a function of season for He and N, data. N
indicates northern hemisphere and S indicates southern hemisphere.
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CONVECTION PATTERN MORPHOLOGY AND VARIATIONS
(Invited Review)
R. A. Heelis
Center for Space Science
P.O. Box 688
The University of Texas at Dallas
Richardson, TX 75080

A fairly straightforward consideration of the interaction between a southward interplanetary
magnetic field and the earth’s magnetic field will result in the prediction of a two-cell convection pat-
tern in the high latitude ionosphere. This is shown schematically in Figure 1 where the antisunward
flow at high latitudes results from the application of the solar wind electric field to the ionoshpere
and the return sunward flow results from an electric field generated in the plasma sheet to ensure
continuity.

This convection pattern can be quite easily characterized in terms of the radius of the approx-
imately circular region containing the anti-sunward flow, called the polar cap and the maximum
potential difference applied across this region. The polar cap potential difference can be shown to
be a sensitive function of the orientation of the interplanetary magnetic field and consideration of
magnetic flux conservation can predict a dependence of the polar cap radius on the polar cap
potential (Siscoe, 1982). The size of the polar cap is predicted to vary as the 3/16 power of the
potential difference. This dependence is not strong enough to be unequivocably demonstrated by
the data. However, Figure 2 shows the dependence of the polar cap potential drop on the ratio of
electric fields inside and outside the merging region (Reiff et al., 1981). Merging theory simply ex-
presses this ratio as the cosine of the angle between the IMF and a plane perpendicular to the sun-
earth line (i.e. Bz/Bx) (Hill, 1974).

It can be seen from Figure 2 that the polar cap potential increases as the IMF becomes more
southward and that a relatively large potential drop remains even when the IMF turns northward.
This residual potential drop has been attributed to a ‘viscous interaction’ process at the flanks of
the magnetosphere that exists in addition to the dayside merging process that operates when the
IMF has a southward component. A more detailed analysis of the behavior of the potential dif-
ference when the IMF turns northward is shown in Figure 3 (Wygant et al., 1983). It displays an
almost exponential decay, requiring some 2-4 hours to reach a residual value near 15 Kv.

In addition to a variation in the polar cap potential drop as a function of the IMF orientation
examination of the signatures of ionospheric convection from satellites show that the cell
geometry or cell shape is also dependent on the IMF. First observations of the flow geometry near
local noon showed that substantial east-west flows could occur in this region. An arbitrary inspec-
tion of the data also showed that this flow could be predominantly to the east or predominantly to
the west. Examples of these differing flow signatures are shown for almost identical orbital condi-
tions in Figures 4 and 5. A compilation of such data without strict consideration of thc IMF
orientation leads to the concept of a restricted region of sunward flow near local noon sometimes
called the ‘throat’. Figure 6 shows a schematic of such a flow geometry generated from a
mathematical model. Studies of the electric field near the dawn and dusk convection reversals had
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already revealed a dependence of electric field magnitude on the IMF (Heppner, 1972). It was
known that the antisunward flow on the poleward side of the convection reversal was larger on
the dusk (dawn) side than on dawn (dusk) side if the IMF By component was negative (positive).

A rotation of the throat region was postulated to account for the previously known dependence
of the dawn/dusk flow speeds on the IMF but it was recognized that the data base of convection
signatures should be examined for different IMF orientations and that even then the single cuts
available from satellites like AE and DE could not define the entire high latitude convection
geometry. Examination of the AE data base shows that reproducible signatures of the convection
pattern can be obtained if we restrict our attention to times when the IMF has a southward com-
ponent (Bz < 0) and a normal garden hose orientation (BxBy <0). Under these conditions the
pattern can be generally characterized by dividing it into signatures seen when By is positive and
when By is negative.

Figure 7 shows examples of the signature seen in the northern high latitude ionosphere when By
is positive (and Bx is negative). The most reproducible feature is that the flow near local noon is
directed toward dawn at all invariant latitudes between 70 and 80 degrees. If we trace the position
of the zero potential line that separates cells in which the flow is either clockwise around the dawn
side or anti-clockwise around the dusk side, we note that it shows a tendency to be displaced
slightly to the dawn side of local noon. This results in the dusk convection cell being relatively
large and almost circular in shape while the dawn cell is apparently more cresent shaped and abuts
the dusk cell. A more detailed description of the convection geometry for this orientation of the
IMF has been obtained by using simultaneous data from the DE satellite and ground based radars
at Chatanika and Millstone Hill. This data set provides multiple data points around the high
latitude region at which the electrostatic potential and flow direction are specified. The results of
an examination of this data set are shown in Figure 8 and confirm our expectations.

Figure 9 shows examples of the northern hemisphere high latitude convection signature seen
when the IMF By is negative (and Bx is positive). Contrasting these signatures with those shown in
the previous two figures it can be seen that the flow with an anti-sunward component near local
noon is directed toward dusk rather than toward dawn. In extreme cases when the magnitude of
By greatly exceeds Bx the flow may be directed eastward as shown in the last two examples. In all
cases however the flow signature is consistent with a more circular perimeter to the dawn cell with
a cresent shaped dusk cell that surrounds it. To my knowledge a study of multipoint
measurements to confirm such a flow geometry has not yet been completed. Figure 10 shows
schematically the dayside high latitude flow geometry that exists in the northern hemisphere for
different configurations of a southward IMF.

When the IMF has a northward component (Bz > 0) the observed convection velocities are
usually much more structured both in the summer and in the winter hemispheres. Nevertheless
large scale convection signatures can often be recognized and reproducible features emerge with a
dependence on the IMF orientation. Figure 11 shows the most easily identified feature from S3-2
electric field data (Burke et al., 1982). Here sunward convection exists at the very highest magnetic
latitudes where anti-sunward convection would normally be expected if the IMF had a southward
component. Figure 12 shows the ion convection signature observed by DE-B during times of
northward IMF. Similar regions of sunward convection are seen in this data base but additional
features dependent on By can also be identified. Regions of anti-sunward convection on one or
both sides of this high latitude sunward convection allow the identification of one and sometimes
two convection cells within a region that can be associated with open field lines. These convection
cells are labelled I and II in the figure. In addition to the convection cells within the polar cap
there usually exists additional convection cells at lower latitudes that circulate in the same sense as
the cells existing during times of southward IMF. These cells are labelled III and 1V in the figure.
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Examination of a large data base shows a dependence of the number of convection cells and

their sense of circulation on the By component of the IMF. Figure 13 shows schematically these
dependences for the high latitude northern hemisphere. When By is close to zero two convection
cells apparently exist within the polar cap. They occupy the dawn and dusk sides and circulate
anti-clockwise and clockwise respectively to produce sunward flow at the highest latitudes. At
lower latitudes cresent shaped cells form about each of the polar cap cells and circulate in the manner
expected for a southward IMF. When By is negative the dawn-side polar cap convection cell tends
to disappear giving way to a slightly larger dusk-side cell and more turbulent flow on its dawn
side. The two lower latitude convection cells remain. When By is positive the polar cap dawn-side
cell remains and perhaps expands and more turbulent flow exists on its dusk side. Again the lower
latitude convection cells remain. The completeness of the convection cells is extremely difficult to
observe since the nightside high latitude convection is extremely turbulent during times of north-
ward IMF. The convection pattern I have described is at least understandable in terms of solar-
wind/magnetosphere interaction in which open field lines are recirculated in the polar cap and a
viscous interaction process exists near the flanks of the magnetosphere’s equatorial plane giving rise
to the lower latitude convection cells.
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INTERACTION OF THE EQUATORIAL MIDNIGHT PRESSURE BULGE AND
THERMOSPHERIC ZONAL WINDS

F. A. Herrero
Code 614
NASA/Goddard Space Flight Center
Greenbelt, Maryland 20771

The zonal component of the thermospheric neutral wind in the equatorial region is found to
flow eastward all night, having a minimum near midnight. The data, obtained by Spencer et al.
(1981) on the Dynamics Explorer-2 (DE-2) satellite, and reported more recently by Wharton et al.
(1984), indicate that the minimum feature is significant. The minimum is illustrated in Figure 1
which shows a 4th order Fourier series fit to the data points reported by Wharton et al. (1984),
The table below the plot gives the amplitudes and phases of the four harmonic components used
with the estimated errors for each amplitude. One asks whether this behavior is duc to the local
passage of the equatorial midnight pressure bulge associated with the midnight temperature
anomaly. If so, it is to be exptected that other data characterizing the midnight temperature
anomaly should show consistency with this observation, especially in view of thc large changes
observed in the zonal velocity in the midnight sector. Consistency in momentum conservation may
be checked using available data from previous independent experiments. Such data, taken under
similar conditions of solar activity, has been substituted into the momentum equation and found
to be consistent using a priori estimates of the effect of viscosity.

The DE-2 data provide the zonal wind Ux, and its local time derivative dU,/dt. The pressure
gradient is obtained from the average equatorial nighttime neutral temperatures measured on AE-
E (Herrero and Spencer, 1982) and the MSIS neutral density (Hedin, 1983), and this is shown in
Figure 2. Specifying the ion-drag requires in addition the eastward ion-drift V;, and the ion density
n; at the altitude of interest, 350 km in this case. The eastward ion-drift is well known near the
equator from the Jicamarca measurements of 1970-71 (Woodman, 1972; Fejer et al., 1981; see
Figure 3). Solar activity for that period was comparable to solar activity during the DE-2
measurements of 1981-82, essentially one solar cycle apart. The average ion density variation may
be represented by Chiu’s empirical model (Chiu, 1975), and this is plotted in Figure 4. Basically,
zonal momentum is balanced as the pressure gradient dp/dx of the neutral gas is opposed by ion-
drag and viscosity with the difference appearing as a local rate of change dUx/dt. That is,

3u 1 dp U
atx - o 3x +§ 622x = Vin (Uy - Vi)

where the ion-drag term is characterized by the ion frequency v;, and the differcnce in velocities
U, - V,,. u is the coefficient of viscosity and , the neutral mass density (see, for example,
Rishbeth and Garriott, 1971). The similarity between the nighttime zonal winds and the eastward
ion-drift is worth noting as it is responsible for a drastic reduction in the ion-drag term. U, and
V,, both reach their highest maxima togehter at 2100 hours LT, and pass through a minimum
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shortly after midnight and a secondary maximum between 0300 and 0400 hrs LT. This similarity
makes it possible to approximate V;, in terms of U,. From Figures 1 and 2, V; ~ 0.8U,. Thus,
the ion-drag term may be written as U,/7; where 7, = 1/0.2 v;;;, where v, is proportional to n,.
The viscosity term is the only component of the equation that cannot be characterized by actual
data. Therefore, it can be determined in terms of the others, and its magnitude checked for con-
sistency against estimated values. The table below gives the magnitudes of the terms entering the
momentum equation for the four time regions shown in Figure 2. The values of U,, dU,/dt, Ni
and -1/»0 (dp/3x) used correspond to the times near the middle of each region. The viscosity is
found from the net effect of the terms in the Table and compared to the a priori estimates. In
regions I, II, and IIl the net effect gives a viscosity value varying between -.005 and + .005 m/s2.
This amounts to 30% or less of the dominant term in each case, and perhaps is not indicative of
the average behavior. However, in the early morning hours (section IV) the viscosity term should
account for .01 m/s?, and the fact that it is positive here may be significant and consistent with
the simultaneous reversal in the pressure gradient shown in Figure 2.

A priori estimates of the viscosity term follow from approximating this term using a ‘‘viscosity”’
scale height H,. This gives a viscosity decay time 7, = p H?/p. Previous H, estimates (Rishbeth,
1972) indicate values of the order of 100 km which are consistent with the numbers obtained here.

Table 1
I IT 111 1AY
(1930LT) (2230LT) (0130 LT) (0430 LT)
7, (hrs) 0.81 | 6.2 7.2
U,/7; (m/s?) 0.035 0.014 0.004 0.002
aU,/at (m/s?) 0.020 -0.015 0.010 -0.025
-1/ 5 (3p/3x) (m/s?) 0.050 0.004 0.015 -0.012
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ION NEUTRAL COUPLING IN THE HIGH LATITUDE THERMOSPHERE: PART I

T. L. Killeen
Space Physics Research Laboratory
The University of Michigan
Ann Arbor, M1 48109

Measurements of the neutral wind in the polar F-region from Dynamics Explorer-2 (DE-2) have
been used to illustrate asymmetries in the neutral circulation that are dependent on the sign of the
B, component of the interplanetary magnetic field (IMF). Individual DE-2 orbits and averaged
data sets from different Universal times are presented. The data are categorized according to the
sign of the hourly averaged IMF B, component measured by ISEE-3 for the hour preceding the
DE-2 measurement. The major features observed are: 1) an asymmetry in the polar cap neutral
flow velocity with the region of most rapid anti-sunward flow shifting from the dawn-side to the
dusk-side of the polar cap as B, changes from positive to negative; 2) a shift in magnetic local
time of the region of entry of neutral gas into the polar cap from a location on the dawn-side of
the noon-midnight meridian for B, positive to one more biased towards the dusk-side for B,
negative; 3) an enhancement in the velocities associated with the dawn, anti-clockwise neutral
vortex for By negative relative to those observed for B, positive. The B, neutral wind asymmetries
can be explained by similar asymmetries, previously observed, in the polar ion convection pattern.
They imply a direct causal relationship between solar wind/magnetosphere coupling and neutral
thermospheric dynamics.

185



LATITUDE/LOCAL TIME DE-2 FPI/WATS AVERAGED WINDS DEC. 198l
NORTH POLE
12

ORBITS AVERAGED By NEGATIVE
FOR UNIVERSAL TIMES:

(A) 2:00-4:00
(B)16:00-18:00

————
500 M/SEC.
ORBITS AVERAGED By POSITIVE
FOR UNIVERSAL TIMES:
{A) 2:00-4-00
(8)12:00-14:00
—_—
500 M/SEC.

Figure 1. Average neutral wind vectors for December 1981 plotted in geomagnetic polar
coordinates (magnetic latitude and local time) obtained for the specified UT intervals with a)
B, negative and b) B, positive.
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ION-NEUTRAL COUPLING IN THE HIGH LATITUDE THERMOSPHERE: PART Il

T. L. Killeen
Space Physics Research Laboratory
The University of Michigan
Ann Arbor, MI 48109

On 24th November, 1982, The North-South (B,) component of the Interplanetary Magnetic
Field (IMF) became positive for a period of about 11 hours reaching a relatively large and steady
value of ~25 nT. During this rarc occurrencc, the Dynamics Explorer-2 (DE-2) spacecraft was in
a configuration that enabled the dynamics of both ionic and neutral species of the high-latitude
F-region to be mesaured simultaneously along the track of the polar-orbiting satellitc. Results from
two Northern (winter) polar passes of DE-2, extracted from a larger data set, are shown to il-
lustrate the response of the neutral F-region to ion drag forcing arising from a configuration of
ion convection characteristic of strongly northward IMF. The measurcd neutral winds diffcr ap-
preciably from those more commonly observed for periods of southward IMF. The multi-cellular
ion drift pattern associated with positive B, is observed to drive a similar but less structured and
wcaker neutral wind configuration in the winter polar cap. Major fcatures of the ion drift pattern
are mimicked by the neutral circulation but smaller-scale and morc irregular structures of ion flow
are not. This is ascribed to the relatively long time constant (few hours) for momentum exchange
bctween the ion and neutral gases. The results demonstrate that sunward flow of neutral gas can
be cstablished and maintained by ion drag in the central polar cap for positive B,.
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GEOSTROPHIC ADJUSTMENT IN A SHALLOW-WATER NUMERICAL MODEL
AS IT RELATES TO THERMOSPHERIC DYNAMICS

M. F. Larscen! and 1. S. Mikkelsen?

IDept. of Physics and Astronomy
Clemson University
Clemson, SC 29631

2Geophysical Division
Meteorological Institute
Copenhagen, Denmark

The theory of geostrophic adjustment and its application to the dynamics of the high-latitude
thermosphere havc been discussed by ourselves (Larsen and Mikkelsen, JGR, 1983; Mikkelsen and
Larsen, JGR, 1983) and Walterscheid and Boucher (JAS, 1984) in previous papers based on a
linearized treatment of the fluid dynamical equations. However, a lincarized treatment is only
valid for small Rossby numbers given by Ro=V/fL, where V is the wind speed, f is the local
value of the Coriolis parameter, and L is a characteristic horizontal scale for the flow. For typical
values in thc auroral zone, the approximation is not reasonable for wind speeds greater than 25
m/s or so. We have developed a shallow-water (one layer) model that includes the spherical
geometry and full nonlincar dynamics in the momentum equations in order to isolate thc cffects of
the nonlinearities on the adjustment process. A belt of accelerated winds between 60° and 70°
latitude was used as the initial condition. We found that the adjustment process proceeds as cx-
pected from the linear formulation, but that an asymmectry between the response for an eastward
and westward flow results from the nonlinear curvature (centrifugal) terms. In general, the
amplitude of an eastward flowing wind will be less after adjustment than a westward wind. For in-
stance, if the initial wind velocity is 300 m/s, the linearized theory predicts a final wind speed of
240 m/s, regardless of the flow direction. However, the nonlinear curvature terms modify the
response and produce a final wind speed of only 200 m/s for an initial eastward wind and a final
wind speed of almost 300 m/s for an initial westward flow direction. Also, less gravity wave
energy is produced by the adjustment of the westward flow than by the adjustment of the
eastward flow. The implications are that the response of the thermosphere should be significantly
different on the dawn and dusk sides of the auroral oval. Larger flow velocities would be expected
on the dusk side since the plasma will accelerate the flow in a westward direction in that sector.
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Figure 1. The zonal wind (left), meridional wind (middle), and height of the fluid surface (right) at
1 hr intervals. The initial condition at O hr is a 1 m/s eastward wind in the latitude band between
60° to 70°. The height of the fluid is directly related to the pressure. All subsequent figures will be
presented in the same format.
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Figure 2. Analytic solution for the adjusted flow based on a linearized set of equations in a
Cartesian coordinate system. The initial wind was 100 m/s, and the final wind is 80 m/s. The
initial and final flow velocity will scale linearly together. Thus, an initial wind of 1 m/s will
produce an adjusted wind of 0.8 m/s. This figure can be compared directly with the solutions

shown in Figure 1.
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Figure 3. An enlarged graph showing the adjusted state after 10 hr. The initial wind is eastward at
1 m/s between 60° and 70°N. The final zonal velocity agrees closely with the zonal velocity given
by the linearized analytic solution. The meridional wind is negligible. The height of the free
surface, which is directly related to the pressure, shows an asymmetry across the channel. The
spherical geometry causes a focusing at the pole. As a result, the heights are higher on the
southern side of the belt and lower on the northern side.
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Figure 4. Adjusted state in the shallow-water model after 10 hr for an initial eastward wind of 100
m/s. The final zonal wind is approximately 75 m/s which is less than the final value of 80 m/s
based on the solution of the linearized set of equations.
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Figure 5. The adjusted state for an initial 300 m/s eastward wind after 8 hr. The final zonal wind
is close to 210 m/s which is nearly 30 m/s less than the predicted value based on a linear analysis.
The oscillations which are evident in all three fields are due to gravity waves generated by the
adjustment process. The waves propagate north and are reflected by the boundary condition at the

pole. Therefore, the 300 m/s case is near the limit of validity of the numerical solution.
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Figure 6. The adjusted state for an initial westward wind of 100 m/s is shown. The amplitude of
the final zonal wind is approximately 90 m/s, or 10 m/s greater than expected based on a linear

treatment.
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